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INTRODUCTION 


Estrogen  plays  a  critical  role  in  the  development  and  progression  of  breast  cancer.  While 
endocrine  therapies  play  an  important  part  in  breast  cancer  treatment,  the  failure  of  these 
therapies  reflects  a  lack  of  knowledge  concerning  the  molecular  mechanisms  involved  in 
estrogen  signaling.  The  biological  activities  of  estrogen  are  mediated  by  estrogen 
receptors  (ER).  In  addition,  a  large  number  of  proteins  termed  cofactors  are  involved  in 
ER  signaling.  Until  recently,  our  knowledge  regarding  these  cofactors  was  based  on  their 
ability  to  bind  receptors  in  vitro  and  affect  transcriptional  activation  in  transfection 
experiments.  The  in  vivo  role  of  these  cofactors  and  the  specific  target  genes  involved  in 
breast  cancer  are  not  well  known.  Therapeutic  agents,  such  as  tamoxifen,  also  bind  ER, 
but  block  proliferation  in  breast  cells.  However,  tamoxifen  increases  the  risk  of 
endometrial  cancer.  We  have  used  chromatin  immunoprecipitation  (ChIP)  to  investigate 
cofactor  involvement  in  ER  signaling  in  vivo  and  to  understand  the  mechanisms 
underlying  the  different  actions  of  tamoxifen  in  breast  and  endometrial  cells.  We  are  in 
the  process  of  using  ChIP  to  identify  the  set  of  genes  regulated  by  ER  and  its  cofactors  in 
these  tissues.  The  detailed  understanding  of  tissue-  and  ligand-dependent  changes  in 
gene  expression  gained  through  these  studies  will  lead  to  more  effective  therapies  for  ER- 
dependent  breast  cancer. 
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BODY 


Task  #1  To  identify  the  coactivators  that  are  involved  in  the  estrogen-induced 
transcription  complex  and  to  determine  the  sequence  of  events  and  the  dynamics  involved 
in  the  assembly  and  disassembly  of  the  transcription  complex 
Status:  Complete  (see  previous  report) 

Task  #2  To  compare  the  protein  components  of  the  tamoxifen-induced  ER 
complex  that  occupies  estrogen-responsive  gene  promoters  in  breast  cancer  cells  and  in 
endometrial  cancer  cells 

a)  Identify  coactivators/corepressors  that  participate  in  tamoxifen-induced  ER 
complex  formation  at  target  gene  promoters  in  breast  cancer  cells 

b)  Identify  coactivators/corepressors  that  participate  in  tamoxifen-induced  ER 
complex  formation  at  target  gene  promoters  in  endometrial  cancer  cells 

c)  Define  the  sequence  of  events  that  are  involved  in  the  assembly  and 
disassembly  of  tamoxifen-induced  ER  complexes  in  both  breast  and 
endometrial  cancer  cells 

Status:  Objectives  (a)  and  (b)  accomplished  for  a  subset  of  genes  (see  previous  report). 

Objectives  (a)  and  (b)  are  being  pursued  for  additional  ER  targets.  The  novel 
RNA  interference  (RNAi)  technique  is  being  used  to  selectively  knock  down  ER 
cofactors  in  order  to  determine  gene-specific  activity  of  those  coregulator  proteins. 

The  mechanisms  of  complex  assembly  and  disassembly  (objective  c)  are  being 
pursued. 

Task  #3  To  identify  new  estrogen-  and  tamoxifen-responsive  genes  in  breast 
cancer  cells  and  endometrial  cancer  cells 

a)  Isolate  DNA  fragments  by  ChIP  and  identify  ER-regulated  genes  using 
microarrays. 

b)  Confirm  the  targets  by  quantitative  RT-PCR  of  RNA  from  estrogen-  and 
tamoxifen-treated  breast  and  endometrial  cells 

c)  Apply  Chip  using  antibodies  for  coactivators  and  corepressors  to  identify  the 
components  of  ER  complexes  at  each  gene 

d)  Identify  common  and  unique  targets  of  ER  in  breast  and  endometrium 
Status:  The  ChIP-microarray  technique  (objective  a)  has  been  developed  and  is  beginning 
to  produce  data  on  genome-wide  promoter  binding  by  ER  and  associated  cofactors 
(objective  c).  Expression  microarray  data  has  been  mined  to  determine  common  and 
unique  targets  of  ER  in  breast  and  endometrium  (objective  d),  and  targets  of  interest  have 
been  confirmed  by  quantitative  RT-PCR  (objective  b). 
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Research  this  year  has  focused  on  developing  the  ChlP-microarray  (CHIP^) 
technique  that  forms  the  centerpiece  of  Task  3.  We  are  collaborating  with  Richard 
Young's  group  at  the  Whitehead  Institute  for  Biomedical  Research  on  this  work.  In 
parallel,  gene  expression  microarray  data  have  been  used  as  a  complimentary  approach 
for  identifying  ER-regulated  genes  in  breast  and  endometrial  cells,  and,  in  combination 
with  RNAi,  for  determining  the  specific  activities  of  individual  cofactors.  Target  genes  of 
interest  have  been  validated,  the  role  of  specific  cofactors  in  their  regulation  is  being 
evaluated,  and  the  genes’  role  in  the  proliferative  response  to  ER  ligands  is  being 
determined. 

The  CHIP^  technique  involves  isolating  factor-bound  DNA  by  chromatin 
immunoprecipitation,  amplifying  that  DNA  by  ligation-mediated  PCR  (LM-PCR), 
labeling  the  resulting  DNA  with  fluorescent  nucleotides,  and  hybridizing  the  sample  to 
promoter  microarrays  (Ren  et  al,  2002).  We  have  experienced  difficulty  in  completing 
this  technically  demanding  process,  but  have  developed  a  protocol  that  produces  adequate 
amounts  of  labeled  DNA  and  are  now  identifying  promoters  specifically  enriched  in  the 
ER -bound  fraction  versus  total  input  DNA.  We  have  refined  the  ChIP  technique  to 
achieve  better  enrichment  of  specific  samples  (currently  ~50-fold,  versus  20-fold  last 
year)  and  have  shown  that  this  enrichment  is  maintained  through  the  LM-PCR 
amplification  (Figure  lA).  Furthermore,  the  size  distributions  of  the  ER-bound  and  input 
fractions  are  identical  and  maintained  through  the  LM-PCR  (Figure  IB). 

We  have  hybridized  a  mixture  of  labeled  ER-bound  DNA  and  input  DNA  to 
arrays  with  -2000  promoters.  Figure  2  shows  that  the  ratio  of  signal  from  the  IP  and 
input  (WCE)  DNA  is  close  to  1  for  the  vast  majority  of  promoters,  showing  no  specific 
binding  of  ER  to  those  sequences.  However,  several  promoters  are  specifically  enriched 
in  the  ER  fraction  (10  at  p<0.001, 19  at  p<0.01).  One  barrier  has  been  a  lack  of  known 
ER  target  promoters  for  use  as  positive  controls  on  these  arrays.  We  are  in  the  process  of 
using  the  same  techniques  on  a  new  generation  of  arrays  in  the  Young  lab,  which  have 
-13,000  promoters,  including  most  known  ER  target  genes.  Once  estradiol-occupied  ER 
targets  have  been  identified  on  these  arrays,  we  will  begin  looking  at  other  ligands  (such 
as  tamoxifen)  and  other  components  of  the  activation  complex  (including  cofactors  such 
as  the  three  pl60  proteins,  histone  modifying  enzymes,  and  components  of  the 
transcription  machinery).  We  also  plan  to  perform  ChIP  against  specific  histone 
modifications  known  to  correlate  with  transcriptional  activation  (e.g.  methylated  lysine  4 
or  acetylated  lysine  9  of  histone  H3)  in  treated  and  untreated  breast  and  endometrial  cells. 

While  the  CHIP^  technique  was  being  perfected,  expression  profiling  data 
produced  in  this  lab  and  reported  in  the  literature  were  mined  for  targets  of  ER  ligands  in 
breast  and  endometrium.  We  hypothesized  that  since  tamoxifen  causes  proliferation  in 
endometrial,  but  not  breast  cells,  genes  that  are  regulated  by  estradiol  in  both  cell  types 
but  by  tamoxifen  only  in  endometrial  cells  would  include  the  targets  involved  in 
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proliferation.  Three  hours  of  treatment  with  ligand  was  chosen  to  enrich  for  direct  targets 
of  ER,  rather  than  downstream,  secondary  effects  of  treatment.  While  more  than  100 
genes  were  found  to  be  upregulated  by  3  hours  of  estradiol  treatment  in  either  MCF-7 
breast  cancer  or  ECC-1  endometrial  cancer  cells,  only  20  of  these  targets  were 
upregulated  in  both  cell  types  (Figure  3).  Furthermore,  only  two  of  these  targets  were 
upregulated  by  tamoxifen  in  ECC-1  cells.  These  genes,  fos  and  myb,  are  both  known 
oncogenes.  Previous  work  in  our  lab  (Shang  and  Brown,  2002)  had  indicated  that  the 
oncogene  myc  also  filled  these  criteria,  and  a  recent  report  (Hodges  et  al,  2003)  indicated 
that  cyclin  D1  might  also  be  a  good  candidate. 

We  used  quantitative  RT-PCR  to  follow  expression  of  these  targets  over  a  longer 
time  course  (Figure  4).  These  data  indicate  that  fos  is  induced  by  tamoxifen  in  MCF-7 
cells  at  later  time  points,  which  removes  it  from  consideration  under  our  hypothesis.  Myc 
does  not  appear  to  be  induced  by  tamoxifen  in  ECC-1  cells,  but  because  of  its  central  role 
in  cell  proliferation,  it  is  being  included  in  future  studies.  We  have  designed  RNAi 
oligonucleotides  to  knock  down  expression,  and  the  optimal  conditions  for  reducing 
expression  have  been  determined  (Figure  5).  We  are  in  the  process  of  testing  the  ability 
of  cells  to  proliferate  in  response  to  estrogen  and  tamoxifen  following  knock  down  of 
each  of  these  targets.  Regulation  of  critical  targets  will  be  investigated  by  ChIP. 

In  collaboration  with  other  members  of  the  lab,  we  have  knocked  down 
expression  of  each  of  the  three  pl60  coactivators,  SRC-1,  TIF-2,  and  AIB-1,  and  assessed 
the  effect  of  loss  of  these  proteins  on  estrogen  signaling  (Figure  6).  The  data  indicate  that 
each  of  these  cofactors  acts  with  ER  at  unique  promoters  and  in  combination  on  others. 
We  are  repeating  this  experiment  with  tamoxifen  treatment.  We  plan  to  combine  these 
data  with  the  results  of  cofactor  CHIP^  experiments  to  study  the  role  of  these  cofactors  in 
regulation  of  the  full  set  of  ER  target  genes. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


•  The  CHIP^  protocol  has  been  optimized  for  estrogen  receptor  and  at  known  ER- 
responsive  promoters  and  is  being  applied  to  discover  novel  targets 

•  Gene  expression  profiles  have  been  mined  to  identify  candidate  genes  involved  in 
ER-mediated  proliferation  in  breast  and  endometrium 

•  Regulation  of  candidate  genes  by  estradiol  and  tamoxifen  has  been  assessed  in  breast 
and  endometrial  cells 

•  RNAi  has  been  optimized  for  these  targets  and  is  being  used  to  assess  their  role  in 
proliferative  response 

•  RNAi  is  also  being  used  to  investigate  the  role  of  specific  cofactors  in  ER-mediated 
gene  regulation 


REPORTABLE  OUTCOMES 

A  manuscript  detailing  the  identification  of  tissue-specific  ER  targets  involved  in 
proliferation  has  been  submitted  for  publication. 

Drs.  Hestermann  and  Brown  have  presented  this  work  at  several  conferences,  including 
the  American  Association  for  Cancer  Research  and  the  Enzymology  of  Chromatin 
Keystone  meeting. 

Based  in  part  on  the  success  of  this  work,  Dr.  Hestermann  was  offered  multiple  faculty 
positions  and  will  be  leaving  for  Furman  University  this  fall. 


CONCLUSIONS 

After  experiencing  difficulty  in  performing  the  CHIP^  technique,  we  believe  that  we  have 
the  process  working  and  are  beginning  to  generate  data  on  genome-wide  promoter 
binding  by  ER  and  its  associated  cofactors.  This  will  allow  us  to  expand  the  work 
performed  so  far  from  a  handful  of  target  genes  to  the  complete  set  of  ER  targets  in  breast 
and  endometrium.  In  parallel  to  this  work,  gene  expression  data  has  been  mined  to 
investigate  tissue-  and  ligand-specific  gene  regulation  by  ER  and  its  cofactors.  In 
addition,  the  ability  to  knock  down  expression  of  specific  genes  by  RNAi  has  allowed  us 
to  determine  the  role  of  individual  cofactors  in  ER-mediated  gene  regulation  and  to 
determine  which  targets  are  involved  in  proliferative  responses  to  estradiol  and 
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tamoxifen.  These  data  will  aid  in  the  development  of  targeted  treatments  of  breast  and 
endometrial  cancer  that  lack  harmful  side  effects. 
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APPENDIX  COVER  SHEET 


FIGURES  1-6 
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Experiment  1  Experiment  2 
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Figure  1.  Enrichment  and  fragment  size  of  LM-PCR  products  for  ChlP^.  A) 
The  ER-bIndIng  region  of  the  pS2  promoter  was  amplified  by  quantitative 
PCR  from  IP  and  input  samples  before  (ChIP)  and  after  (LM-PCR)  LM-PCR, 
and  the  enrichment  (relative  to  total  DNA)  in  the  IP  fraction  versus  input  is 
shown  for  independent  experiments.  B)  Size  of  fragments  following  LM-PCR. 
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Figure  2.  Signal  from  the  ChlP^  array.  Log  of  intensity  for  signal  from  IP  and 
input  (WCE)  channels  is  shown.  Data  points  represent  individual  promoters 
spotted  on  the  array. 
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Figure  3.  Genes  upregulated  by  estradiol  and  tamoxifen  in  ECC-1,  and 
estradiol  in  MCF-7,  cells  after  3  hours  of  treatment.  Genes  upregulated  >2- 
fold  were  selected.  The  list  shows  fold  increase  in  expression  following 
estradiol  treatment  for  genes  upregulated  in  both  cell  types.  Previously 
described  ER  targets  are  shown  in  red.  Fos  and  myb  are  the  two  genes  from 
this  list  that  were  also  upregulated  by  tamoxifen  in  ECC-1 . 
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Figure  4.  Expression  of  ER  target  genes  in  MCF-7  and  ECC-1  cells  following 
treatment  with  estradiol  (E2)  or  tamoxifen  (Tam)  for  the  indicated  number  of 
hours.  Expression  was  measured  by  quantitative  RT-PCR  and  normalized  to 
vehicle-treated  cells. 
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Figure  5.  Expression  of  ER  target  genes  in  MCF-7  cells  following  RNAi 
treatment.  Cells  were  transfected  for  two  days  with  oligos  to  knock  down 
expression  of  luciferase  (negative  control)  or  the  indicated  ER  targets. 
Expression  of  RNA  was  measured  by  qRT-PCR. 
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Figure  6.  Role  of  p160  cofactors  in  ER-mediated  gene  regulation.  Each  of  the 
three  cofactors  was  specifically  knocked  down  in  MCF-7  cells,  which  were 
then  treated  with  estradiol  for  0,  1,  or  3  hours.  A)  knockdown  verified  at  both 
protein  (immunoblot,  left)  and  RNA  (qRT-PCR,  right)  levels.  B)  Expression 
analysis  was  performed  on  RNA  from  treated  cells.  The  number  of  genes 
showing  lower  expression  in  each  knockdown  treatment  out  of  36  genes 
upregulated  by  E2  at  1  and  3  hours  is  shown. 


